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(57) ABSTRACT 

A mobile communication terminal Which receives convolu 
tionally encoded data that is convolutionally encoded infor 
mation of a speech channel transmitted from a base station 
and detects a transmission bit rate selected at the base station 
by decoding the data. The mobile communication terminal 
comprises a rate estimation unit Which estimates the trans 
mission bit rate selected at the base station and outputs an 
estimated transmission bit rate, a decoding unit Which 
decodes the convolutionally encoded data transmitted from 
the base station and outputs decoded data and predetermined 
types of results of decoding, a convolutional re-encoding 
unit Which convolutionally re-encodes the decoded data and 
outputs re-encoded data, and a rate detection unit Which 
detects Whether the estimated transmission bit rate is correct 
or not based on the decoded data and the predetermined 
types of results of decoding. 
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MOBILE COMMUNICATION TERMINAL AND 
TRANSMISSION-BIT-RATE DETECTION METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to a mobile 
communication system, and more particularly to a mobile 
communication terminal Which detects a transmission bit 
rate that is selected at a base station and a transmission-bit 
rate detection method. 

[0003] In the ?eld of mobile communication, access meth 
ods Which assign maximum users to limited frequency 
resources are desired. These access methods include, for 
example, Frequency-Division Multiplex Access (FDMA), 
Time-Division Multiplex Access (TDMA) and Code-Divi 
sion Multiplex Access (CDMA). In the FDMA and the 
TDMA, one radio station occupies one radio channel and 
slot. On the other hand, in the CDMA, a Wide-band radio 
channel is shared among many users by adding proper code 
to a signal. 

[0004] Presently, the mobile communication systems 
Which employ the FDMA and the TDMA are in practical 
use. On the other hand, the mobile communication system 
Which employs the CDMA is desired because it is robust 
against both interference and disturbance and can keep 
privacy. This is because the proper code is added to the 
signal in the CDMA. 

[0005] 2. Description of the Related Art 

[0006] A conventional transmission-bit-rate detection 
method Which detects a transmission bit rate that is selected 
at a base station for a conventional mobile communication 
system is explained beloW. 

[0007] Generally, When the base station communicates 
With a mobile communication terminal, speech data and 
control data are transmitted through a speech channel in the 
mobile communication system Which employs the CDMA. 
The speech channel can carry the speech data and the control 
data at any bit rate among 9.6 kbps, 4.8 kbps, 2.4 kbps and 
1.2 kbps. The data is transmitted at a variable transmission 
bit rate using these four bit rates. 

[0008] The base station adds error detection code, for 
example, Cyclic Redundancy Check (CRC), and tail bits to 
information bits of the speech channel. The CRC is only 
added When the transmission bit rate is either 9.6 kbps or 4.8 
kbps. Next, the base station adds convolutional code for 
error correction to the information bits of the speech channel 
to Which the CRC and the tail bits are added and generates 
transmission symbols. Then, the base station outputs the 
transmission symbols at the designated bit rate among 9.6 
kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps. When the designated 
bit rate is 9.6 kbps, then transmission symbols are output one 
time. When the designated bit rate is 4.8 kbps, then trans 
mission symbols are repeatedly output tWice. When the 
designated bit rate is 2.4 kbps, then transmission symbols 
are repeatedly output three times. When the designated bit 
rate is 1.2 kbps, then transmission symbols are repeatedly 
output four times. This is because the same number of bits 
is needed to detect the transmission bit rate at the mobile 
communication terminal. 
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[0009] Next, these transmission symbols are interleaved 
and scrambled With long Code Which is a user identi?cation 
code and enables synchroniZation at the mobile communi 
cation terminal. Then, poWer control bits are added. The 
poWer control bits control strength of a radio Wave for each 
mobile communication terminal. A Weak radio Wave is 
transmitted to the mobile communication terminal near the 
base station and a strong radio Wave is transmitted to the 
mobile communication terminal far from the base station to 
equaliZe the strengths of the radio Waves received by the 
mobile communication terminals. After all of the processes 
described above are ended, the base station spreads spectrum 
of the transmission symbols over a Wide band. Next, the base 
station modulates the transmission symbols and transmits 
the transmission symbols. 

[0010] The mobile communication terminal of the mobile 
communication system Which employs a spread spectrum 
method operates as folloWs to detect the transmission bit 
rate. 

[0011] FIG. 1 shoWs main parts used to detect the trans 
mission bit rate for the conventional mobile communication 
terminal. 

[0012] At the mobile communication terminal, ?rst, 
received data is demodulated and its spectrum is inverse 
spread. Next, long Code is generated based on information 
from a sync channel and inverse spectrum spread data is 
descrambled using the information. Then, descrambled data 
is deinterleaved. As a result, received symbols are repro 
duced. The received symbols are supplied to four Viterbi 
decoders, such as a 9.6-kbps Viterbi decoder 101, a 4.8-kbps 
Viterbi decoder 102, a 2.4-kbps Viterbi decoder 103 and a 
1.2-kbps Viterbi decoder 104, Which are connected in par 
allel as shoWn in FIG. 1. Each decoder executes Viterbi 
decoding at each bit rate and outputs decoded data. 

[0013] Convolutional re-encoders, such as a 9.6-kbps con 
volutional re-encoder 105, a 4.8-kbps convolutional re 
encoder 106, a 2.4-kbps convolutional re-encoder 107 and a 
1.2-kbps convolutional re-encoder 108, re-encode the 
decoded data. A selector 109 compares the data Which is 
re-encoded by the convolutional re-encoders With the 
received data. Then, the selector 109 detects the transmis 
sion bit rate based on comparison results Which have mini 
mum errors. The bit rate of the convolutional re-encoder 
Which outputs re-encoded data With minimum errors is the 
transmission bit rate and the decoded data of the Viterbi 
decoder Which has the same bit rate as that of the convolu 
tional re-encoder With minimum errors is output to a codec. 
The conventional mobile communication terminal detects 
the transmission bit rate described above. 

[0014] HoWever, in the conventional mobile communica 
tion terminal, the four Viterbi decoders, consisting of the 
9.6-kbps Viterbi decoder 101, the 4.8-kbps Viterbi decoder 
102, the 2.4-kbps Viterbi decoder 103 and the 1.2-kbps 
Viterbi decoder 104, shoWn in FIG. 1 decode the received 
data simultaneously at all bit rates. Moreover, the four 
convolutional re-encoders, consisting of the 9.6-kbps con 
volutional re-encoder 105, the 4.8-kbps convolutional re 
encoder 106, the 2.4-kbps convolutional re-encoder 107 and 
the 1.2-kbps convolutional re-encoder 108, re-encode the 
decoded data simultaneously at all bit rates. 

[0015] In the conventional mobile communication termi 
nal, the Viterbi decoding and the convolutional re-encoding 
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at all bit rates are executed simultaneously. Therefore, this 
results in both increase of a circuit scale and increase of 
consumption poWer. 

SUMMARY OF THE INVENTION 

[0016] It is a general object of the present invention to 
provide a mobile communication terminal in Which the 
above disadvantages are eliminated. 

[0017] Amore speci?c obj ect of the present invention is to 
provide a mobile communication terminal Which enables a 
small-siZed mobile communication terminal based on reduc 
tion of the circuit scale and reduction of the consumption 
poWer of the mobile communication terminal. 

[0018] The above objects of the present invention are 
achieved by a mobile communication terminal Which 
receives convolutionally encoded data that is convolution 
ally encoded information of a speech channel transmitted 
from a base station and detects a transmission bit rate 
selected at the base station by decoding the data. The mobile 
communication terminal comprises a rate estimation unit 
Which estimates the transmission bit rate selected at the base 
station and outputs an estimated transmission bit rate, a 
decoding unit Which decodes the convolutionally encoded 
data transmitted from the base station and outputs decoded 
data and predetermined types of results of decoding, a 
convolutional re-encoding unit Which convolutionally re 
encodes the decoded data and outputs re-encoded data, and 
a rate detection unit Which detects Whether the estimated 
transmission bit rate is correct or not based on the decoded 
data and the predetermined types of results of decoding. 

[0019] As the transmission bit rate is estimated by the 
mobile communication terminal, a plurality of decoders for 
all bit rates is not necessary. Aplurality of re-encoders is also 
not necessary for the same reason. Therefore, the simulta 
neous decoding of the received data by four decoders at all 
bit rates and the simultaneous re-encoding of the decoded 
data by four re-encoders at all bit rates are not necessary. 
This results in the small-siZed mobile communication ter 
minal based on the reduction of the circuit scale and enables 
the reduction of the consumption poWer of the mobile 
communication terminal. 

[0020] The above objects of the present invention are 
achieved by a transmission-bit-rate detection method for a 
mobile communication terminal Which receives convolu 
tionally encoded data that is convolutionally encoded infor 
mation of a speech channel transmitted from a base station. 
The transmission-bit-rate detection method comprises a rate 
estimation step Which estimates the transmission bit rate 
selected at the base station and outputs an estimated trans 
mission bit rate, a decoding step Which decodes the convo 
lutionally encoded data transmitted from the base station and 
outputs decoded data and predetermined types of results of 
decoding, a convolutional re-encoding step Which convolu 
tionally re-encodes the decoded data and outputs re-encoded 
data, and a rate detection step Which determines Whether the 
estimated transmission bit rate is correct or not based on the 
decoded data and the predetermined types of results of 
decoding. 

[0021] As the transmission bit rate is estimated by the rate 
estimation step, a plurality of decoders for all bit rates is not 
necessary. Aplurality of re-encoders is also not necessary for 
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the same reason. Therefore, the simultaneous decoding of 
the received data by four decoders at all bit rates and the 
simultaneous re-encoding of the decoded data by four re 
encoders at all bit rates are not necessary because the 
transmission-bit-rate detection method is executed. This 
results in the small-siZed mobile communication terminal 
based on the reduction of the circuit scale and enables the 
reduction of the consumption poWer of the mobile commu 
nication terminal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings, in Which: 

[0023] FIG. 1 shoWs main parts used to detect a trans 
mission bit rate for a conventional mobile communication 

terminal; 
[0024] FIG. 2 is a transmission data generation process at 
a base station in a mobile communication system; 

[0025] FIG. 3 is a frame structure of a speech channel; 

[0026] FIG. 4 is a block diagram of a general convolu 
tional encoder; 

[0027] FIG. 5 is an eXample of a convolutional encoder 
When k equals one, m equals tWo and n equals tWo in the 
general convolutional encoder; 

[0028] FIG. 6(a) is a state transition diagram of the 
convolutional encoder; 

[0029] FIG. 6(b) is a trellis diagram of the state transition 
diagram of the convolutional encoder; 

[0030] FIG. 7 is a block diagram of the mobile commu 
nication terminal of the present inventions; 

[0031] FIG. 8 is an outline of an operation of a CPU 11; 

[0032] FIG. 9 shoWs main components of the CPU 11 or 
a DSP 21 in an LSI circuit 1 Which eXecutes the transmis 
sion-bit-rate detection; 

[0033] FIG. 10 is a detailed structure of a Viterbi decoder 
17; 
[0034] FIG. 11 is a Viterbi decoding algorithm for 
received symbols; 

[0035] FIG. 12 is a structure of a multirate deinterleaver 
address generator 47; and 

[0036] 
rithm. 

FIG. 13 is a transmission-bit-rate detection algo 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0037] A transmission-bit-rate detection method for a 
mobile communication terminal of a ?rst embodiment of the 
present invention, Which mobile communication terminal 
detects the transmission bit rate selected at the base station, 
Will be eXplained beloW. 

[0038] FIG. 2 shoWs a transmission data generation pro 
cess at a base station in a mobile communication system. 
When the base station communicates With a mobile com 
munication terminal, speech data and control data are trans 
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mitted through a speech channel in the mobile communica 
tion system Which employs CDMA. The speech channel can 
carry the speech data and the control data With any bit rate 
among 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps. The data 
is transmitted With a variable transmission bit rate using 
these four bit rates. 

[0039] FIG. 3 shoWs a frame structure of the speech 
channel. At the base station, for example, a cyclic code F for 
error detection is added to information bits in a CRC 
addition step S1 of FIG. 2, When a transmission bit rate of 
either 9.6 kbps or 4.8 kbps is selected as shoWn in FIGS. 3(a) 
and The error detection by the cyclic code is called 
CRC(Cyclic Redundancy Check). A polynomial expression 
of data received by the mobile communication terminal is 
divided by a generation polynomial. The received data is 
checked as to Whether it is encoded data or not according to 
Whether a remainder is equal to Zero or not. 

[0040] Next, in a tail bit addition step S2 of FIG. 2, tail 
bits are added to the information bits When the transmission 
bit rate is either 2.4 kbps or 1.2 kbps or to the information 
bits With the CRC When the transmission bit rate is either 9.6 
kbps or 4.8 kbps as shoWn in FIGS. 3(a), (b), (c) and A 
convolutional encoder in the base station is initialiZed by 
adjusting all tail bits to be Zero. 

[0041] Next, in a convolutional encoding step S3 in FIG. 
2, a convolutional code for error correction is added to the 
information bits to Which the tail bits are added in order to 
generate transmission symbols. In the convolutional encod 
ing process, information of past blocks affect a present 
convolutional encoding block. 

[0042] FIG. 4 shoWs a block diagram of a general con 
volutional encoder. In the general convolutional encoder, a 
serial input information sequence is converted into k-bit 
parallel information blocks. Each k-bit parallel information 
block is converted into an n(>k)-bit parallel output block by 
a linear combinational logic circuit using past data blocks 
stored in delay elements D. Then an output convolutional 
code sequence Which is serially converted from the n-bit 
parallel output blocks is output. 

[0043] FIG. 5 shoWs an example of the convolutional 
encoder When k equals one, m equals tWo and n equals tWo 
in the general convolutional encoder. The output sequence 
{yk}={y1k yzk} is expressed using the input sequence {xk} as 
folloWs. 

y1k=xk+xk42) y2k=xk+xk41+xk42 

[0044] When X, Y1, Y2 are respectively converted from 
{xk}, {ylk}, {ylk} by a Z transform, then, 

G1(z)=1+Z’2, G2(z)=1+Z’1+Z’2 
[0045] G1(Z) and G2(Z) are called generator polynomials 
of the convolutional code. Other generator polynomials are 
de?ned for other convolutional encoders in the same manner 
as shoWn above. 

[0046] FIG. 6(a) shoWs a state transition diagram of the 
convolutional encoder. FIG. 6(b) shoWs a trellis diagram of 
the state transition diagram of the convolutional encoder. 

[0047] In the convolutional encoder shoWn in FIG. 5, if 
the input sequence is {1001 . . . }, the output sequence of 
convolutional code is {11 01 11 11 . . . 
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[0048] Next, the explanation of FIG. 2 Will be continued. 
In a repetition of transmission symbols step S4 of FIG. 2, 
the base station generates the transmission symbols, Which 
are convolutionally encoded, according to the designated bit 
rate among 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps. When 
the designated bit rate is 9.6 kbps, then the transmission 
symbols are generated one time. When the designated bit 
rate is 4.8 kbps, then the transmission symbols are repeat 
edly generated tWice. When the designated bit rate is 2.4 
kbps, then the transmission symbols are repeatedly gener 
ated three times. When the designated bit rate is 1.2 kbps, 
then the transmission symbols are repeatedly generated four 
times. This is because the same number of bits is needed to 
detect the transmission bit rate at the mobile communication 
terminal. The transmission bit rate is selected at the base 
station, for example, in a high-density order of speech data 
from 9.6 kbps to 1.2 kbps. Because the selected transmission 
bit rate is not communicated to the mobile communication 
terminal, the mobile communication terminal must detect 
the transmission bit rate to reproduce a speech signal. 

[0049] Next, in an interleaving step S5 of FIG. 2, these 
transmission symbols are interleaved. The interleaving rear 
ranges an order of the symbols and is effective to raise an 
error correction performance for burst errors. 

[0050] Next, in a long Code generation step S6, a deci 
mator step S7 and a scrambling step S8 of FIG. 2, output 
symbols of the interleaving step are scrambled using long 
Code Which is a user identi?cation code and enables syn 
chroniZation at the mobile communication terminal. Then, in 
the decimator step S9 and a poWer control bit insertion step 
S10 of FIG. 2, poWer control bits are added to the scrambled 
data and transmission data to be sent the mobile communi 
cation terminal is generated. The poWer control bits control 
strength of a radio Wave to be transmitted to each mobile 
communication terminal. AWeak radio Wave is transmitted 
to a mobile communication terminal near the base station 
and a strong radio Wave is transmitted to a mobile commu 
nication terminal far from the base station to equaliZe the 
strengths of the radio Waves received by the mobile com 
munication terminals. 

[0051] After all of the processes described above from S1 
to S10 are ?nished, in a spread spectrum modulation step 
S11 of FIG. 2, the base station spreads spectrum of the 
transmission data over a Wide band. Then, the base station 
modulates the transmission data and transmits the transmis 
sion data. As spread spectrum communication has a char 
acteristic that energy of each band unit is loW, the spread 
spectrum communication is robust against both interference 
and disturbance from other systems. The base station trans 
mits the transmission data to each mobile communication 
terminal as mentioned above. 

[0052] Next, the mobile communication terminal of the 
present invention Will be explained. FIG. 7 shoWs a block 
diagram of the mobile communication terminal of the 
present invention. 

[0053] The mobile communication terminal shoWn in 
FIG. 7 is mainly made up of an RF unit 2, an A/D-D/A 
converter 3, an LSI circuit 1 and a speech controller 6. The 
RF unit 2 receives the radio Wave from the base station. The 
A/D-D/A converter 3 converts an analog signal from the RF 
unit 2 into a digital signal, i.e., received data. The LSI circuit 
1, Which is equipped With a CPU 11, executes various kinds 
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of data processing Which Will be described later. The speech 
controller 6 executes speech processing by a codec. In the 
mobile communication terminal, the LSI circuit 1 executes 
signal processing for key data from key pads 5 or speech 
data from a microphone 8 Which is processed by the speech 
controller 6. The LSI circuit 1 also transmits data to the base 
station and displays characters on an LCD. The LSI circuit 
1 and the speech controller 6 also execute signal processing 
for speech data or control data from the base station, display 
characters on the LCD and reproduce sound through speak 
ers 7. 

[0054] Next, a structure and a function of the LSI circuit 
1 Will be explained. The LSI circuit 1 is made up of the CPU 
11, a ROM/RAM 12, a free logic circuit 13, a long Code 
generator 15, a Viterbi decoder 17, a DSP 21, a demodulator 
14 and a deinterleaver 16. The CPU 11, the ROM/RAM 12, 
the free logic circuit, the long Code generator 15 and the 
Viterbi decoder 17 are connected through an internal bus. 
The DSP 21 is connected to the CPU 11 through an interface. 
The demodulator 14 demodulates the received data supplied 
from the A/D-D/A converter 3 and the deinterleaver 16 
generates the received symbols. The Viterbi decoder 17 
executes the Viterbi decoding for the received symbols. The 
CPU 11 and the DSP 21 detect the transmission bit rate 
Which is selected at the base station and the Viterbi decoder 
executes the Viterbi decoding according to the detected 
transmission bit rate. 

[0055] The CPU 11 or the DSP 21 controls an operation 
for the transmission-bit-rate detection. The CPU 11 or the 
DSP 21 estimates the transmission bit rate Which is selected 
at the base station and detects a correct transmission bit rate 
by decoded results according to an estimated transmission 
bit rate. 

[0056] The ROM/RAM 12 stores a program to detect the 
transmission bit rate and data to be read or Written during 
execution of the program. Because the DSP 21 can also 
execute such a program, the ROM/RAM 12 may be allo 
cated in the DSP 21. 

[0057] The free logic circuit 13 displays the characters 
from the key pads 5 on the LCD 4 and executes other 
functions. 

[0058] The long Code generator 15 generates the long 
Code to synchroniZe With the received data according to 
information transmitted through a sync channel. 

[0059] The demodulator 14 has a RATE receiver Which 
receives the received data from the A/D-A/D converter 3 and 
demodulates the received data. The demodulator 14 also 
executes an inverse spread spectrum operation. Then, the 
demodulator 14 descrambles the received data according to 
the long Code from the long Code generator 15. 

[0060] The deinterleaver 16 converts the order of the 
temporally interleaved data into a proper order and generates 
the received symbols. 

[0061] The Viterbi decoder 17 executes the Viterbi decod 
ing of the received symbols from the deinterleaver 16 
according to the transmission bit rate estimated in the CPU 
11. This Viterbi decoder 17 can execute the Viterbi decoding 
at any rate among 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps. 

[0062] When the LSI circuit 1 in the mobile communica 
tion terminal shoWn in FIG. 7 receives data, Which is 
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processed as shoWn in FIG. 2, transmitted from the base 
station, the LSI circuit 1 executes an operation as shoWn in 
FIG. 8. FIG. 8 shoWs an outline of an operation of the CPU 
1. FIG. 9 shoWs main components of the CPU 11 or the DSP 
21 in the LSI circuit 1, Which CPU 11 or DSP 21 executes 
the transmission-bit-rate detection. In this embodiment of 
the present invention, the CPU 11 executes the transmission 
bit-rate detection. 

[0063] In the LSI circuit 1, ?rst, the demodulator 14 
executes inverse spread spectrum demodulation at an 
inverse spread spectrum demodulation step S21 and the 
descrambling based on the long Code generated by the long 
Code generator 15 at a descramble step S22. The deinter 
leaver 16 generates the received symbols by deinterleaving 
the received data at the deinterleave step S23. 

[0064] The received symbols are supplied to the Viterbi 
decoder 17 and a rate estimation block 32 in the CPU 11 
shoWn in FIG. 9. The rate estimation block 32 estimates the 
transmission bit rate Which is selected among 9.6 kbps, 4.8 
kbps, 2.4 kbps and 9.6 kbps at the base station. The multirate 
Viterbi decoder 17 executes the Viterbi decoding at the 
estimated bit rate and supplies decoded results to a convo 
lutional re-encoder 31. The convolutional re-encoder 31 
re-encodes the decoded results and supplies re-encoded data 
to the multirate Viterbi decoder 17. The Viterbi decoder 17 
compares the received symbols With the re-encoded data and 
supplies a comparison result to a rate determination block 
33. The rate determination block 33 detects Whether the 
estimated transmission bit rate is correct or not based on the 
comparison result. For example, When the rate determination 
block 33 detects that the estimated transmission bit rate is 
correct, the Viterbi decoder 17 supplies the decoded data 
using the estimated transmission bit rate to the speech 
controller 6. On the other hand, When the rate determination 
block 33 detects that the estimated transmission bit rate is 
not correct, the rate estimation block 32 changes the estimate 
of the transmission bit rate. Then, the Viterbi decoder 17 
repeats the Viterbi decoding at both a Viterbi decoding step 
S24 and a rate indication and determination step S25 until 
the rate determination block 33 detects that the estimated 
transmission bit rate is correct. 

[0065] In the mobile communication terminal of this 
embodiment of the present invention, the transmission-bit 
rate detection is executed as described above. 

[0066] At the steps S24 and S25, When the rate determi 
nation block 33 detects that the estimated transmission bit 
rate is not correct, the rate estimation block 32 doubles or 
halves the estimate of the transmission bit rate. Then, the 
Viterbi decoder 17 may repeat the Viterbi decoding at the 
Viterbi decoding step S24 and the rate indication and 
determination step S25 until the rate determination block 33 
detects that the estimated transmission bit rate is correct. For 
example, ?rst, the Viterbi decoder 17 executes the Viterbi 
decoding at the transmission bit rate of 4.8 kbps. When the 
rate determination block 33 detects that the estimated trans 
mission bit rate is not correct, the rate estimation block 32 
changes the next estimate of the transmission bit rate into 
either 9.6 kbps or 2.4 kbps. 

[0067] Next, the transmission-bit-rate detection executed 
by the Viterbi decoder 17, the CPU 11 and the DSP 21 Will 
be precisely explained. 
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[0068] FIG. 10 shows a detailed structure of the Viterbi 
decoder 17. In this embodiment of the present invention, the 
CPU 11 executes the transmission-bit-rate detection. 

[0069] The Viterbi decoder 17 is made up of a branch 
metric generator 41, a multirate ACS operation block 42, a 
path memory 43, a decoded data memory 44, a controller 45, 
a rate determination block 46 and a multirate deinterleaver 
address generator 47. The Viterbi decoder 17 executes the 
Viterbi decoding for the received symbols at a predeter 
mined transmission bit rate. 

[0070] FIG. 11 shoWs a Viterbi decoding algorithm for the 
received symbols Which are encoded by the encoder shoWn 
in FIG. 5. An input information sequence {xk} is convolu 
tionally encoded into a convolutional code sequence 
{ylkyzk}. When an error sequence {elkezk} occurs during 
transmission, a receiver receives a received sequence 
{Z1kZ2k}={y1k+€1k, y2k+e2k}. The Viterbi decoder 17 detects 
a maximum likelihood input sequence using the Viterbi 
decoding algorithm shoWn in FIG. 11. 

[0071] Next, a function of each circuit element Which 
forms the Viterbi decoder 17 Will be explained. The branch 
metric generator 41 calculates branch metrics Which are 
needed to execute the Viterbi decoding for the received 
symbols. The branch metric )L is; 

[0072] The multirate ACS operation block 42 is mainly 
made up of an adder, a path metric memory, a comparator 
and a selector. The adder adds the calculated branch metric 
to the pre-calculated branch metric so that the path metric is 
calculated. The path memory stores the path metric. The 
comparator compares tWo path metrics When the tWo paths 
are merged at a state Sij. Then, the selector selects a 
maximum likelihood path and outputs the maximum likeli 
hood input sequence in reverse order. The selector also 
outputs a Yamamoto Quality bit Which shoWs Whether a 
difference betWeen a path metric of a selected path and the 
path metric is greater than a predetermined value or is 
smaller than the predetermined value. 

[0073] The path memory 43 stores the input sequence 
Which is decoded by the multirate ACS operation block 42 
in an output order. 

[0074] The decoded data memory 44 rearranges the input 
sequence stored in the path memory 43 into the proper order 
and outputs the decoded data. 

[0075] The controller 45 controls the Viterbi decoder 17 to 
start execution of decoding according to a start message 
from the CPU 11 or the DSP 21 and to send an end message 
after ?nishing decoding. The controller 45 also outputs a 
comparison result of the cyclic code Which is the CRC result 
shoWn in FIG. 10 and a comparison result, Which is the 
status shoWn in FIG. 10, betWeen the re-encoded data by the 
convolutional re-encoder 31 and the received symbols 
before decoding by the Viterbi decoder 17. 

[0076] The rate determination block 46 sets rate informa 
tion Which is a designated transmission bit rate by the CPU 
11 or the DSP 21. 

[0077] FIG. 12 shoWs a structure of the multirate deinter 
leaver address generator 47. The multirate deinterleaver 
address generator 47 is made up of a 9-bit counter 51, a 1-bit 
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shifter 52, a 2-bit shifter 53 and an adder 55. The 9-bit 
counter 51 operates synchronously With a clock signal 
designated by the CPU 11 and predetermined data is loaded 
therein. The multirate deinterleaver address generator 47 
divides a 9-bit count value [8:0] supplied from the 9-bit 
counter 51 into 6-bit data and 3-bit data. The 1-bit shifter 52 
shifts the divided 6-bit data [5:0] left and makes 7-bit data. 
The 2-bit shifter 53 shifts the divided 6-bit data [5:0] left and 
makes 8-bit data. The adder 54 adds both the 7-bit data and 
the 8-bit data and outputs 9-bit data Which is 6 times the 
original 6-bit data [5:0]. The adder 55 adds the 9-bit data and 
the 3-bit data [8:6] Which Was a reminder of the previously 
divided 9-bit count value [8:0] and outputs an address to the 
deinterleaver 16. The multirate deinterleaver address gen 
erator 47 can generate the deinterleaver address at all four 
transmission bit rates. 

[0078] FIG. 13 shoWs a transmission-bit-rate detection 
algorithm Which is executed by the Viterbi decoder 17 and 
the CPU 11 of the embodiment of the present invention. 

[0079] The received symbols generated by the deinter 
leaver 16 are supplied to the Viterbi decoder 17 and the rate 
estimation block 32 in the CPU 11 shoWn in FIG. 9. The rate 
estimation block 32 estimates the transmission bit rate Which 
is selected at the base station. Then, one of the transmission 
bit rates among 9.6 kbps, 4.8 kbps, 2.4 kbps and 1.2 kbps is 
set to the Viterbi decoder 17 in the step S31. First, the 
estimate of the transmission bit rate is the transmission bit 
rate Which Was used in the previous Viterbi decoding. 

[0080] Next, the Viterbi decoder 17 executes the Viterbi 
decoding for the received symbols at the estimated trans 
mission bit rate in the step S32. The Viterbi decoding 
algorithm Will be explained With FIG. 11. An input infor 
mation sequence {xk} is convolutionally encoded into a 
convolutional code sequence {ylkyzk}. When an error 
sequence {elkezk} occurs during transmission, the Viterbi 
decoder 17 receives a received sequence {Z1kZ2k}={y1k+€1k, 
y2k+e2k}. When a received sequence is {01, 10, 00, 00, 01, 
10}, the Viterbi decoder 17 detects a proper path Which is the 
correct input information sequence The Viterbi 
decoder 17 uses the received sequence and a path Which 
starts from a state SO0 at a point of time k=0 and ends at the 
state SO0 through paths in a trellis diagram. 

[0081] First, the branch metric generator 41 in the Viterbi 
decoder 17 calculates the branch metric Which is a Hamming 
distance betWeen the received sequence {zlkzzk} and each 
branch shoWn in FIG. 11. The multirate ACS operation 
block 42 calculates the path metrics at a point of time k When 
paths are merged at Sij at each point of time k (k=1, 2, 3, 4, 
5). The comparator compares the path metrics and the 
selector selects a survival path Which has a minimum path 
metric. Then other paths Which are shoWn With marks X in 
FIG. 11 are deleted. Figures With a parenthesis shoWs the 
path metric. The paths are deleted as mentioned above. 
Therefore one survived path has a minimum path metric. 
This path is the maximum likelihood path. As a result, a 
sequence (1, 1, 0, 1, 0, 0) is detected as a correct input 
sequence. At the same time, a convolutional code sequence 
(11, 10, 10, 00, 01, 11) and an error sequence (10, 00, 10, 00, 
00, 01) are output. 

[0082] The controller 45 in the Viterbi decoder 17 supplies 
the decoded results to the re-encoder 31. The re-encoder 31 
re-encodes the decoded results and supplies re-encoded data 
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to the controller 45. The controller 45 compares the re 
encoded data and the received symbols before decoding by 
the Viterbi decoder 17 and generates the status. This status 
and the CRC result using the cyclic code are supplied to the 
rate determination block 33 in the step S32. 

[0083] At the same time, the multirate ACS operation 
block 42 outputs the path metric of the selected path and 
Yamamoto Quality bit Which shoWs Whether a difference 
betWeen path metrics is greater than a predetermined value 
or is smaller than the predetermined value in the step S32. 

[0084] The rate determination block 33 detects Whether 
the estimated transmission bit rate is correct or not. For 
example, When the result of the CRC is correct in a step S33, 
the rate determination block 33 determines that the esti 
mated transmission bit rate is correct in a step S38. When the 
result of the CRC is not correct in the step S33 and the 
Yamamoto quality bit is greater than the predetermined 
value in a step S34, the rate determination block 33 deter 
mines that the estimated transmission bit rate is correct in the 
step S38. When the result of the CRC is not correct in the 
step S33, the Yamamoto quality bit is smaller than the 
predetermined value in the step S34 and a symbol error 
shoWn by the status is smaller than 60 in a step S35, the rate 
determination block 33 determines that the estimated trans 
mission bit rate is correct in the step S38. When the result of 
the CRC is not correct in the step S33, the Yamamoto quality 
bit is smaller than the predetermined value in the step S34, 
the symbol error shoWn by the status is greater than 60 in the 
step S35 and the path metric value is smaller than 20 k in a 
step S36, the rate determination block 33 determines that the 
estimated transmission bit rate is correct in the step S38. 
Then, the decoded data is supplied to the DSP 21 and the 
controller 6. 

[0085] On the other hand, When the result of the CRC is 
not correct in the step S33, the Yamamoto quality bit is 
smaller than the predetermined value in the step S34, the 
symbol error shoWn by the status is greater than 60 in the 
step S35 and the path metric value is greater than 20 k in the 
step S36, the rate estimation block 32 determines that the 
estimated bit rate is not correct in a step S37. Then, the rate 
estimation block 32 halves or doubles the estimate of the 
transmission bit rate in the step S31. Then, the Viterbi 
decoder repeats the Viterbi decoding until the transmission 
bit rate is ?xed in the step S38. 

[0086] As the transmission bit rate Which is selected at the 
base station is estimated by the CPU 11 and the DSP 21 in 
the mobile communication terminal of the embodiment of 
the present invention, a plurality of decoders for all bit rates 
is not necessary. 

[0087] As the CPU 11 and the DSP 21 determine Whether 
the estimated transmission bit rate is correct or not based on 
various kinds of information, a plurality of decoders and 
convolutional re-encoders for all bit rates is not necessary. 

[0088] Therefore, the simultaneous decoding at all bit 
rates and the simultaneous re-encoding at all bit rates are not 
executed. This results in the small-siZed mobile communi 
cation terminal based on the reduction of the circuit scale 
and enables the reduction of the consumption poWer of the 
mobile communication terminal. 
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[0089] The present invention is not limited to the speci? 
cally disclosed embodiments, and variations and modi?ca 
tions may be made Without departing from the scope of the 
present invention. 

[0090] The present application is based on Japanese pri 
ority application No.10-147760 ?led on May 28, 1998, the 
entire contents of Which are hereby incorporated by refer 
ence. 

What is claimed is: 
1. A mobile communication terminal Which receives 

convolutionally encoded data that is convolutionally 
encoded information of a speech channel transmitted from a 
base station and detects a transmission bit rate selected at the 
base station by decoding the data, the mobile communica 
tion terminal comprising: 

a rate estimation unit Which estimates said transmission 
bit rate selected at the base station and outputs an 
estimated transmission bit rate; 

a decoding unit Which decodes said convolutionally 
encoded data transmitted from the base station and 
outputs decoded data and predetermined types of 
results of decoding; 

a convolutional re-encoding unit Which convolutionally 
re-encodes the decoded data and outputs re-encoded 
data; and 

a rate detection unit Which detects Whether the estimated 
transmission bit rate is correct or not based on the 
decoded data and the predetermined types of results of 
decoding. 

2. The mobile communication terminal as claimed in 
claim 1, Wherein said decoding unit comprises: 

an operation unit Which calculates branch metrics for 
executing a Viterbi decoding of the convolutionally 
encoded data; and 

a Viterbi decoder Which executes the Viterbi decoding at 
the estimated transmission bit rate based on the branch 
metrics. 

3. The mobile communication terminal as claimed in 
claim 1, Wherein said rate estimation unit comprises a ?rst 
part Which determines the estimated transmission bit rate as 
a proper transmission bit rate When the estimated transmis 
sion bit rate is detected to be correct and changes the 
estimated transmission bit rate When the estimated transmis 
sion bit rate is detected not to be correct, and a second part 
Which makes said decoding unit repeatedly to execute said 
Viterbi decoding until the estimated transmission bit rate is 
detected to be correct. 

4. The mobile communication terminal as claimed in 
claim 3, Wherein said rate estimation unit changes the 
estimated transmission bit rate to tWice or half thereof When 
the estimated transmission bit rate is detected not to be 
correct and makes said decoding unit repeatedly to execute 
said Viterbi decoding until a changed estimated transmission 
bit rate is detected to be correct. 

5. The mobile communication terminal as claimed in 
claim 1, Wherein said decoding unit starts said Viterbi 
decoding according to a start message and outputs an end 
message after said Viterbi decoding is ?nished. 




